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The general consensus is that global climate change will result in increased frequency and
intensity of extreme weather events. Coastal urban communities are likely to suffer more flood
damages as a result of this change, with potential social justice implications regarding how bur-
dens are shared. Current decision-making approaches, mostly based on scientific knowledge and
economic efficiency, do not take into account several ethical aspects associated with climate change,
including equity concerns. In this paper, the author addresses a number ofquestions with justice
implications. His findings show a differential exposure to hazards arid uneven capability to cope
with them, whichplaces higher risk on the most vulnerable sectors ofthe population. The religious
community can contribute in raising awareness and helping to explore adaptive measures de-
signed to reduce the economic and social impacts ofextreme events in an equitable way.
Introduction
The general consensus is that global cli-
mate change will significantly alter a variety
of atmospheric and surface conditions. The
possible effects of global climate change in-
clude sea-level rise and increased frequency
of coastal storms and hurricanes. Coastal ur-
ban communities are likely to suffer more
flooding as a result of this change, unless they
become aware of this problem and implement
adaptive strategies. On the other hand, popu-
lation and economic growth in the Boston
Metropolitan Area is likely to increase the
pressure to develop land, augmenting not only
the amount of property at risk but also the
runoff that must be handled by rivers, streams,
and stormwater systems. This may result in
increased flood-related damages.
Policy processes involving mitigation (re-
duction of greenhouse emissions) and adap-
tation (adjusting to expected new conditions)
tend to be based on the criterion of economic
efficiency. This criterion, usually materialized
through cost-benefit analysis, is ill-equipped
to cope with issues of enviroimiental justice
and intergenerational fairness that character-
ize climate change. It has been argued that
those with less capability to adapt will feel
climatic change impacts more profoundly.'
There appears to be consensus on this issue
when considering the differences between
Northern and Southern countries, for hous-
ing condition and location in several devel-
oping nations makes them more vulnerable
to climate-related risks." Little attention has
been paid to this issue in developed countries.
The social and moral implications of climatic
change can be enormous; and while there is a
vast body of scientific knowledge on the is-
sue, science alone cannot guide actions.^ It
is necessary to strengthen the role that ethical
values play in decision-making.
My purpose in this paper is to present the
faith community with some of the possible
implications of climatic change at the local
level. Focusing on eight coastal towns located
south of Boston, I will attempt to answer the
following questions:
• What is the current vulnerability of resi-
dential properties to flooding?
• Is there spatial correlation between flood
risk and property value?
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• What may be the consequences of cli-
mate change on the distribution of costs asso-
ciated with flood damages?
• In what ways can the religious commu-
nity become involved in these issues?
Following a brief review of the literature
regarding climate change and its potential im-
pacts in the Boston area, I will present the
study area and the data on flood risk, land use
and property values. The next section will
provide an overview of the spatial statistics
used to analyze that data for assessing vul-
nerability and equity issues. And finally, I
will discuss the findings and present some
concluding remarks.
Literature Review
Even though there have been rich discus-
sions about religion and its relation to envi-
ronmental change.'* little has been said about
the particular role that the religious commu-
nity can play with regards to global warming
and climate change.^ Awareness about the
potential impacts of global climate change is
increasing in the scientific realm, as well as in
national and international forums.*' There is a
growing body of research addressing the like-
lihood of changes in precipitation patterns due
to global climate change and its impact on
water resources. There appears to be consen-
sus that the frequency of extreme events will
increase."^ In particular, intense precipitation
events are likely to occur more frequently^ and,
as a consequence, produce more flooding.''
These perspectives are reinforced by a smdy
based on geological records conducted by J.
C. Knox'° that concluded that both small
changes in temperature (1-2 C) and changes
in average annual rainfall can result in large
changes to flood frequency and magnitude.
Even though the causes for climate change
are global in scale, the primary effects will
undoubtedly be at regional and local levels.
In a smdy addressing three urban watersheds
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FIGURE 1 - Sea Level at Boston harbor; 1920-2000 (maximum hourly height)
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in Australia. Schreider et al . " found that a dou-
bling in atmospheric concentrations of CO,
would lead to significant increases in damage
to buildings. In addition to these climatic
change effects, economic and population rates
of growth are likely to continue the pressure
to develop land. These combined factors seem
to indicate that there may be more property at
risk in flood-prone areas, and that there may
be an increased need to manage the additional
runoff induced by land-use conversion.
Rood damages in the coast of Massachu-
setts have been extensively documented. '-
Massachusetts has a very high risk of coastal
stormwater and riverine flooding, because of
its long coastline, numerous rivers and
streams, and concentrated development, in
combination with high exposure to heavy rain-
storms, hurricanes, and "northeasters." Since
1978, over twenty thousand flood insurance
claims have been filed throughout the state,
with almost $200-million worth of damage
to insured residential and commercial prop-
erty.'^ This value does not include damages
to non-insured structures.
Figure 1 shows the annual maximum sea
level measured at Boston Harbor from 1920
to 2000.''* While sea-level rise appears to be
present as a slight trend upwards, the most
relevant observation to make is the fact that
high-water levels associated with extreme
events have increased dramatically over the
second half of the period. The effects of a
coastal storm such as that of 1978, combined
with sea-level rise and increased urban devel-
opment, could be devastating.
The National Hood Insurance Program
(NFTP) is the only provider of flood insurance
in the United States. This program requires
participating communities to enact certain
regulatory standards for new homes built in
hazard-prone areas. Only homeowners in par-
ticipating communities can purchase flood in-
surance, and the premium is proportional to
the structure's vulnerability to damage.
N
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FIGURE 2 - study Area
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officials and the climate change research and
policy forums. Geographic Information Sys-
tems (GIS) can help people understand the
communal risks and define adaptive options.
This understanding can help them to embrace,
through floodplain management, the call to
think globally and act locally.
Study Area and Overview of Data
The study area comprises eight coastal
towns located south of Boston, Massachusetts:
Braintree, Cohasset, Duxbury, Hingham, Hull,
Marshfield, Scituate, and Weymouth (Figure
2). These communities are relevant to the re-
search questions addressed by this paper be-
cause of two main reasons: ( 1) By virtue of
their location, topography, hydrology, and ur-
banization patterns, these towns are subject to
different types of flooding risks. Their coastal
nature makes them particularly susceptible to
potential impacts associated with climate
change, including sea-level rise, increased
storminess, and more frequent hurricane
events. (2) As suburbs of the Boston Metro
Area, they present a rich variety of land uses,
and include residential areas of diverse densi-
ties. Given the sprawling trends of American
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CODE
metropolitan areas in general, and of Boston in
particular, these communities are experiencing
pressures for increased land-use conversion,
which may affect future flood risk in this area.
In order to explore vulnerability and eq-
uity issues in this study area, three different
types of geographically referenced data are
used: flood risk, land use and property value.
The spatial distribution of these features will
constitute the basis of the statistical analysis
performed in the following section, n essence,
the purpose of that analysis is to detennine
how many housing units are subject to flood-
ing, and whether homes with different prop-
erty values tend to be located in areas prone
to different levels of flood risk.
area, we are interested in the average prop-
erty values of its housing units relative to that
of the entire study area. For this purpose, a
Relative Property Value Indicator (RPVI) was
estimated for each census block group, accord-
ing to the following formula:
„_,,,, MeanVali
where Mean Val^ is the average property value
of polygon /, and MeanVal^^ is the average
property value of the study area. Both nu-
merator and denominator were estimated us-
ing the weighted average:
• Flood Risk: Based on hydrological stud-
ies, the Federal Emergency Management
Agency prepares Rood Insurance Rate Maps
(FTRMs) that depict the spatial extent of flood
hazard areas and other thematic features re-
lated to flood risk assessment. This informa-
tion is available in digital format through Q3
Rood Data coverages by quadrant. FEMA
defines twenty different categories of flood
hazard zones, according to risk and amount
of information available.
For the purposes of this study, the twenty
different flood risk classifications provided by
FEMA have been grouped into four catego-
ries (See Figure 3).
• Land Use: The MassGIS statewide land
use datalayer has land use classifications by
town, interpreted from aerial photography.
There are four different residential land uses
coded in the coverages, according to density.
In order to estimate the number of housing
units per unit area, the densities were assumed
as shown in Figure 4.
• Property Value: The U.S. Census Bu-
reau provides information on the amount of
housing units contained in each Census Block
Group, according to twenty different property
value categories (from less than $25,000 to
over $500,000.) According to the data for the
base year (1990), the study area contains a
total of 302,074 housing units.
Property values are not homogeneously
distributed. For any given portion of the study
IXx X.
MeanVal = -z:
1,^'
where X is the number of housing units within
property-value range 7, and k. is the average
property value within that range, for area i.
Using this Relative Property Value Indica-
tor, each census block was assigned a Relative
Housing Value (H-Val) as shown in Figure 5.
Spatial Analysis for Assessing
Vulnerability and Equity
The object of this section is to determine
the total number of housing units that are sub-
ject to flooding, and whether there is spatial
correlation between flood risk and housing
value. This can be accomplished by construct-
ing a contingency table of the total nimiber of
housing units located in residential areas with
different combinations of flood risk and rela-
tive housing value. The coverages being used
at this stage contain information about flood
risk relative housing value, and housing.
The three coverages were intersected. The
nimiber of housing units in each resulting poly-
gon was determined based on housing den-
sity using the following formula:
where HH^ is the number of housing units in
polygon I, Y is the housing density of polygon
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